INTRODUCTION
astigmatism.
SUBJECTS AND METHODS
This study enrolled 92 patients (112 eyes) who underwent a LASIK treatment: the patients were given a diagnosis of complex myopic astigmatism at department of ophthalmology of this hospital between January 1, 2002 and July 31, 2003. The cross-cylinder method group enrolled 40 patients (52eyes) and the single method group enrolled 52 patients (60 eyes). The present study included patients with a stable complex myopic astigmatism of the refractive status showing a variation of less than 0.5 D within a year; it excluded those patients with other concomitant ophthalmic diseases or those patients with a past history of ophthalmic surgery. The preoperative use of contact lens was prohibited for 10 days (soft lens) and 3 weeks (hard lens). Preoperatively, all the patients underwent the following tests for uncorrected/corrected visual acuities and subjective refraction: an anterior segment examination including IOP and slit lamp examinations, fundoscopy, the test for corneal refraction, and a corneal pachymetry. For the surgical treatment, an EC-5000 excimer laser (Nidek Co. Ltd.,Gamagori, Japan) was used. The laser had a wavelength of 193 nm, an ablation rate of 0.6 µm/scan, a laser repetition rate of 40 Hz and an energy of 108-120 mJ/mm. 2 The cross-cylinder surgery was done according to the following 3 steps: The hyperopic astigmatism was first corrected along the most steep meridian (OZ:5.5mm, TZ:8.0mm) and then the myopic astigmatism was corrected along the most flat meridian (OZ:6.0mm, TZ:8.0mm). After that, a residual amount of myopia (spherical equivalent refraction) was corrected (OZ:6mm, TZ:8.0mm). The ratio of myopic to hyperopic astigmatism was set at 50% each. For anesthesia, proparacaine (Alacaine, Alcon) 0.5% was dropped on patients' eyes 5-6 times at a 5 minute interval and then the patients' peri-ophthalmic regions were disinfected. After the patients eyes were opened with a speculum, a corneal section of 130 µm in thickness was prepared with automated microkeratome (MK-2000, NIDEK). The diameter of the suction ring we used was 8.5 mm, and the corneal section was turned over using a spatula and then the excimer laser was irradiated according to the degree of refraction. We did not use a specific eyeball fixator; the patients were instructed to fix their eyeballs by viewing the target themselves. After excimer laser irradiation, the residual corneal section was determined to be at a minimum of 300 µm in thickness. The corneal section was returned to patients' eye it was then dried so as to attach itself to the corneal parenchyma. On postoperative day 1 and thereafter, Ofloxacin (Tarivid, Santen Pharmaceutical Corp.) and 0.1% of Flumetholon (Santen Pharmaceutical Corp.) were dropped on patients' eyes 4 times a day at 6-hour intervals. After 2 weeks, the frequency of eyedrop application was determined on the basis of the individual patients' profile of myopic regression.
To comparatively evaluate the preoperative and postoperative myopic profiles, this study monitored corneal haze (as well as uncorrected visual acuity), corrected visual acuity, spherical equivalent refraction and astigmatic progression on postoperative week 1, month 1, month 3 and month 6.
RESULTS
The mean age was 27.22 ± 5.85 years old in the cross-cylinder group and 29.65 ± 7.22 years old in the single method group (p = 0.65). The mean value of preoperative BCVA was 0.98 ± 0.10 in the crosscylinder group and 0.96 ± 0.25 in the single method group (p = 0.86). In addition, as a mean refraction error, the mean spherical equivalent refraction was -3.85 ± 1.13 D in the cross-cylinder group and -4.05 ± 1.20 D in the single method group (p = 0.23). The mean cylinder was -2.05 ± 1.58 D in the cross-cylinder group and -1.95 ± 1.12 D in the single method group (p = 0.31). There were no significant differences found between the two groups ( Table 1) . On postoperative month 6, the mean uncorrected visual acuity was 0.89 ± 0.16 and the mean BCVA was 0.98 ± 0.10 in the cross-cylinder group, and 0.91 ± 0.35 and 0.96 ± 0.25 respectively in the single method group. The changes of postoperative spherical equivalent and the cylinderic magnitude were not significantly different between the two groups ( Table 2 Table 3 ). There were no statistically significant differences found between the two groups. Postoperatively, the axis of residual myopic astigmatism was not changed, but 5 cases showed a 90°deviation because of a hypercorrection. In addition, no postoperative complications were noted, and these potential post-op complications included night halo, corneal haze and glare.
DISCUSSION
Among the various methods used in the surgical treatment of myopia, (these include clear lens extraction, PRK, LASIK and radial keratotomy), PRK has been frequently used for a moderate myopia of less than -6.0 D and LASIK has been frequently used for a higher myopia of more than -8.0 D. 5, 6 Although there have been only a few long term follow up studies, the previous studies suggest that LASIK is indicated in cases with a high myopia of more than -8.0 D. LASIK was formerly contraindicated for PRK due to the problems of myopic regression and corneal haze, and these cases of high myopia had shown an uncorrected visual acuity of more than 0.5 on the sixth postoperative month in 45-81% of the total patients. 7, 8 In addition, LASIK has been reported to show an excellent outcome in the surgical correction of complex myopic astigmatism. [1] [2] [3] 9 For myopia correction using LASIK, the most universal method is the single method where cornea is resected on the affected side with myopic astigmatism. However, both sides including the most steep and flat meridians are corrected in the crosscylinder method. The purpose of this multizone cross-cylinder is to make a transitional zone with little difference in refractive power between the treated and untreated sites. Due to the discrepancy of diopter in the small optical zone, a multi-focal area was formed in the middle of a cornea; as a results, the problems of glare, night halo and decreased contrast sensitivity were noted. In areas with a great difference in refraction on the corneal surface, deranged cellular immunity and aggravated corneal haze gives rise to myopic regression and a decreased visual acuity. These problems may be solved using a corneal resection in a step-wise and sequential manner. Such corneal resection has the following advantages: (1) It is possible to prepare the physiologically prolate and symmetrical shape of cornea; (2) The rate of myopic regression is relatively low; (3) An improved visual acuity is obtained; and (4) The amount of resection is reduced through a sequential resection of the astigmatism. 10 Figure 3 schematically represents the principle of multi-zone cross-cylinder excimer laser ablation. 4 
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SJ Shin, et al To make for than easier understanding, the order of corneal resection was described in the reverse order of surgical procedure, and the optical/transitional zones were arbitrarily set. A zone corresponded to the correction site for hyperopic astigmatism with a 90°deviation (OZ: 5.5 mm, TZ: 9.0 mm), B zone corresponded to the correction site for myopic astigmatism with a 180°deviation (OZ: 5.5 mm, TZ: 8.5 mm) and C zone corresponded to the correction site for residual astigmatism (spherical equivalent refraction) (OZ:5.5 mm). For example, -2.00 sphere -1.00 cylinder × 180°hyperopic astigmatism was first corrected to +0.5D at a 90°axis and then myopic astigmatism was corrected to -0.5D at a 180°axis. After that, the residual spherical equivalent refraction of -2.50 D was to be further corrected. The above method resected a cornea to make a steep meridian (90°) flatter and the flat meridian (180°) steeper. To summarize, a uniform corneal resection made it possible to obtain a relatively smooth corneal surface. Salchow et al 11 reported that the refractive error of -0.40 ± 0.98 D remained at month 6 after LASIK surgery for myopia of -6.78 ± 3.48 D, and Salah et al 12 reported a myopic regression of -0.61 D on average between 3 weeks and 6 months after LASIK surgery. In Korea, Choi et al 13 This indicates that the cross-cylinder method is clinically effective for the correction of astigmatism, although it is difficult to directly compare this study with the aforementioned ones.
In the present study, we compared the crosscylinder method group and single method group. There were no statistically significant differences of the mean spherical equivalents and the mean cylinderic magnitudes between the two groups. However, we founded that the cross-cylinder method was a bit better than single method, although the mathematical difference was statistically insignificant. We think that the cross-cylinder method is clinically more effective than the single method for the correction of astigmatism since the cross-cylinder method creates smooth transitional zone (with a low dioptric gradient) between the treated and untreated cornea.
We have noted that the present study has revealed some problems of cross-cylinder method. (1) There is a lot of possibility of decentration occurring due to patients' loss of attention and the long surgical time necessary for the corrections of hyperopic astigmatism, myopic astigmatism and myopia. (2) Due to indications for correction of the hyperopic astigmatism, the cross-cylinder method required a thicker central cornea because of the wider transitional zone as when compared to the single method. This can lead to some limitations in patient recruitment. (3) In spite of the unknown cause, the crosscylinder method shows hypercorrection when compared to the single method at an early postoperative stage. In the present study, the mean spherical equivalent refraction was 0.35 ± 0.36 D on postoperative month 1, and this corresponded to hypercorrection at an early postoperative stage as compared with other studies.
There are various factors affecting the postopera-tive outcomes and these include the preoperative amount of astigmatism, discordance of astigmatic axis between patients and the laser, errors of axis determination, decentration and the deposition of foreign body in the transitional zone. 17 The present study posed some limitations because it was conducted on a small-sized patient population and it did not consider visual quality and other factors quantitatively. In the future, Further studies will be needed to assess the efficacy of cross-cylinder method and to take into consideration such factors as postoperative myopic regression, contrast sensitivity, corneal haze, glare and night halo that can affect the postoperative outcome.
